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Introduction
Hemoglobin is the intracellular protein in erythrocytes, consisting of four polypeptide globin chains, each of which is folded around a heme molecule. It is responsible for the transport of oxygen from the lungs to the tissues and carbon dioxide from the tissues to the lungs. The globin chains are encoded by their respective genes located on chromosome 11 and chromosome 16 and are both known to have several alleles. 1 Many of these alleles suffer point mutations in the DNA sequence that lead to single amino acid substitutions in the globin moiety, resulting in the production of hemoglobin variants. The abnormal hemoglobin genotype occurs when an affected individual inherits mutated globin gene(s) such as hemoglobin S, C, D, and E from both parents. Abnormal hemoglobin genotypes are inherited in an autosomal codominant fashion and occur by different combinations.
Several hundred abnormal hemoglobin genotypes have been discovered; however, only a few are common and cause major public health problems in many parts of the world. 1 According to the World Health Organization, Nigeria ranks first as the sickle cell endemic country in the world with an annual infant death of 100,000 -representing 8% of infant mortality in the country. 2 The World Health Organization also reported that an average of 150,000 infants are born with sickle cell disease in Nigeria. 2 The most commonly encountered abnormal hemoglobin genotypes among Nigerians include AS, AC, SC, and SS.
It has been reported that abnormal hemoglobin genotypes have been associated with a wide range of moderate to severe hemolytic anemia, leading to a high degree of morbidity and mortality among affected individuals as well as susceptibility to renal medullary carcinoma and hyposthenuria. 3, 4 Blood groups are types of inherited antigenic substances on the surface of red blood cells, other cell types, and body secretions that are coded by alleles at different loci on a chromosome. 5 Several of these red blood cell surface antigens that stem from one allele (or very closely linked genes) collectively form a blood group system. A total of 30 human blood group systems are now recognized by the International Society of Blood Transfusion. 6 Of these, the ABO and Rhesus (Rh) blood group systems, which were the first and fourth to be discovered, respectively, are the most frequently studied genetic markers in humans. 7, 8 Apart from their importance in blood transfusion practice, they are useful in genetic studies of populations and also resolving medicolegal issues like disputed parentage. 7 In addition, many studies have associated blood group systems with different disease conditions in different parts of the world. For example, several research works have shown that stomach cancer has a higher prevalence rate among blood group A than the rest of the ABO blood groups. 3, 9 Blood group O individuals have also been reported by several workers 5,10 to be more prone to peptic ulcer disease due to lack of N-acetyl-glucosamine necessary for the development of mucosa lining of their alimentary canal. A study in Nigeria has reported blood group AB to be associated with human immunodeficiency virus 2 (HIV-2) infection. 11 Although hemoglobin genotypes and blood groups have been known to be associated with diseases, the association between hemoglobin genotypes and blood groups with HIV infection among HIV-exposed Nigerian infants is not well known. This study was therefore designed to investigate the association between abnormal hemoglobin genotypes and ABO and Rh blood groups with HIV infection among HIV-exposed infants in North Western Nigeria.
Materials and methods study design
This cross-sectional study was conducted among 312 HIV-exposed infants from newly diagnosed HIV-positive mothers among antenatal attendees between March 2012 and February 2013.
setting
This study was conducted at four different hospital settings in Sokoto State, Nigeria. These were: 1) Usmanu Danfodiyo University Teaching Hospital -a tertiary health care institution located in Sokoto; 2) Specialist Hospital Sokoto -a secondary health care institution located in Sokoto; 3) Dogon-Daji General Hospital -a primary health center located in the Dogon-Daji local government area of Sokoto State; and 4) Holy Family Health Center -another primary health center located in the Wamako local government area of Sokoto State. These four hospitals were chosen because they offer free prevention of mother-to-child transmission of HIV services.
Informed consent and ethical clearance
Ethical clearance was obtained from the management of the hospitals and informed consent was obtained from each mother of the infant who participated in the study.
sample collection and analyses
Blood (1 mL) was collected from each infant into an ethylenediaminetetraacetic acid microcontainer and properly mixed for the determination of the baby's hemoglobin genotype, ABO and Rh blood groups, and HIV diagnosis.
Determination of aBO and rh phenotypes
Red cell phenotyping was carried out manually with standard tube technique. For ABO blood grouping, a drop of anti-A, anti-B, and anti-AB (Biotec Laboratories Ltd, Ipswich, UK) was added into clean test tubes labeled 1, 2, and 3, respectively, containing a drop of the baby's blood. The contents were tapped gently to mix and centrifuged for 30 seconds at 1,000 g. The cell buttons were gently resuspended and observed for agglutination. Presence of For the RhD typing, a drop of anti-D serum (Biotec) was placed in a clean, labeled test tube and a drop of control placed in a second tube. One drop of the baby's blood was then added, mixed gently, and centrifuged for 30 seconds at 1,000 g. At the end of centrifugation, the cell buttons were gently resuspended and observed for agglutination. Agglutination was read macroscopically and microscopically in doubtful cases. All negative results were confirmed using the indirect antihuman globulin test procedure. Presence of agglutination constituted positive results, whereas absence of agglutination constituted negative results.
Determination of hemoglobin electrophoresis patterns
Hemoglobin electrophoresis was carried out using the cellulose acetate alkaline hemoglobin electrophoresis technique, which allowed for the separation of hemoglobin A, F, S, and C into distinct bands. Hemolysate of each sample was prepared and electrophoresed in a hemoglobin electrophoresis chamber containing Tris buffer solution for 20 minutes at 230 V. Hemolysate from blood samples of known hemoglobin types were run as a control. The result was read by comparing the distance of migration of the test sample with known controls.
Determination of infants' hIV status by hIV Dna polymerase chain reaction technique on dried blood spots
All the HIV-exposed infants' blood samples were screened for HIV using HIV DNA polymerase chain reaction technique on dried blood spots with QIAamp ® DNA Mini Kit (QIAGEN NV, Venlo, the Netherlands) following the manufacturer's instructions.
Results
A total of 312 HIV-exposed infants aged between 8-16 months (mean ± standard deviation 11.95±2.07 months) constituted the study population. Males constituted 50.6% (158/312), while females constituted 49.4% (154/312). The prevalence of O, A, B, AB, and Rh phenotypes is shown in Table 1. In the ABO blood group system, O was the most common (43.3%), followed by A (36.8%), B (15.7%), and AB (4.2%). AB was the least prevalent blood group. In the Rh blood system, the majority (95.6%) were Rh + , while 4.4% were Rh − . The combined ABO and Rh blood groups were in the order of O + (40.1%),
and B − (0.6%). No AB − blood was encountered in the study population (0%). Blood groups A − and B − had the lowest frequency (0.6% each). The difference in the pattern of ABO and Rh blood groups between the male and female babies was inconsequential (P.0.05). Table 2 shows a cross tabulation analysis of babies' blood groups versus HIV status and did not reveal any statistically significant difference (Fisher's exact test =9.140; P=0.169); however, blood group AB + showed the highest probable association with HIV seropositivity (46.2%) followed by A + (23.9%). Table 3 shows an analysis of the babies' sex versus HIV status. Of the 158 males, 33 (20.9%) were HIV-1 positive and 125 (79.1%) were negative. Of the 154 females, 31 (20.1%) were HIV-1 positive and 123 (79.9%) were negative. Pearson's χ 2 analysis revealed no statistically significant difference between the babies' sex and HIV seropositivity (χ 2 =0.027, df=1, P=0.869). Table 4 summarizes the frequency distribution of the babies studied according to age groups. Nearly onethird (30.1%) were aged 8-10 months, 46.2% were aged 11-13 months, and 23.7% were aged 14-16 months.
The findings in Table 5 show that HIV seropositivity among the babies cut across all the age groups and there Buseri and Okonkwo were no statistically significant differences in the proportions (χ 2 =1.729, df=2, P=0.440). Table 6 shows the hemoglobin genotype frequency distribution of the HIV-exposed babies. The majority (71.5%) were AA, followed by AS (25.3%), AC (2.2%), and SC (1.0%). Table 7 displays cross tabulation analysis of the genotype of the babies versus HIV status. The χ 2 analysis revealed a statistically significant influence of the babies' hemoglobin genotypes on HIV seropositivity (χ 2 =8.432, df=3, P=0.034). The majority of infants with SC genotype (66.7%) were reported to be HIV positive, followed by AC (42.9%), AS (25.3%), and AA (17.5%).
Discussion
In this study, the hemoglobin variant SS was not found. This is in agreement with some previous authors. 12, 13 This may possibly suggest that the sickling gene pool is gradually reducing in this African population. It may not mean a complete absence because there are other published reports in Nigeria that carry 3.0% SS and 2.0% SC in South Western Nigeria. 14 The zero frequency of SS in the current study population could be attributed to disturbance of the Hardy-Weinberg equilibrium in relation to the sickling gene in the study environment.
The prevalence rates of hemoglobin variants AA (71.5%) and AS (25.3%) in this study is not in agreement with the findings by Jeremiah. 13 This corroborates the fact that inherited hemoglobin variants vary significantly in various populations and ethnic groups around the world. The 71.5% prevalence of AA is within the normal range of 55%-75% earlier reported for Blacks. 15 While the prevalence of AS in this study (25.3%) is within the reference value of 20%-30% quoted for Nigeria and the 20%-40% in Africa in general. [15] [16] [17] Abnormal hemoglobin SC genotype was the least prevalent in this study (1.0%), but it is similar to the 2.0% reported by Egesie et al. 18 When the null hypothesis -which states that babies' hemoglobin genotypes has no influence on babies' HIV status -was tested, it revealed a statistically significant influence on the babies who were HIV seropositive (χ 2 =8.432, df=3, P=0.034). The infants with SC genotype (66.7%) demonstrated a relationship with HIV seropositivity. The reason for abnormal hemoglobin genotypes influencing babies' HIV seropositivity is not clear. This finding has not been previously documented among Nigerian babies and it was not previously reported or cited in the literature searched. Because the sample size is relatively small, it is recommended that more studies are needed with larger sample sizes to confirm this finding.
Blood group O (43.3%) was the most frequently encountered phenotype and its predominance over other ABO blood groups in this study is in agreement with several previous reports from different parts of Nigeria. 7, 13, 14, 18, 19 An exception to this is the Gwari tribe of Abuja and the Rubuka tribe of Plateau State, Nigeria, where group B was reported to show predominance over the other blood groups. 20 However, the frequencies of blood group O in the previous studies differ. The 43.3% prevalence of blood group O in this study is lower than the 54.2% reported among healthy infants population 
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association between hbsc and hIV-1 infection among nigerian infants in Ibadan, South Western Nigeria. 21 The high frequency of group O in this population provides an advantage in terms of availability of blood for blood transfusion especially in emergencies. However, some level of caution has to be exercised since some group O blood is known to contain potent immune hemolytic antibodies (hemolysins). The 36.8% prevalence of blood group A in this present study is not in accordance with the 21.6% reported among healthy infant population in Ibadan, Nigeria. 21 It is also higher than some previous reports from other parts of Nigeria. 7, 13, 14 The 15.7% frequency of blood group B in this study is lower than the 21.4% reported among healthy infants population in Ibadan, Nigeria, 21 but is in proximity to the reported frequency of 17.1% for group B in Port Harcourt, Nigeria. 13 Blood group AB was the least prevalent (4.2%) in this study and this is in accordance with all previous reports. However, this rate is higher than the 2.8% reported among healthy infants in Ibadan, Nigeria 21 and the 2.97% reported among individuals in Benin City, Nigeria. 7 It is in proximity to the reported frequency of 4.0% for group AB among American Blacks 22 and the 4.84% in Port Harcourt, Nigeria. 13 The current study found the frequency of RhD − phenotype to be 4.4% and RhD + phenotype to be 95.6%. This is in agreement with Omotade et al. 21 The 4.4% rate of RhD − in this study is, however, higher than some previous reports. 23, 24 In this current study, no ABbaby was encountered (0%). The reason for this is not clear, probably because both blood group AB and RhDindividuals are very rare in Nigeria. The absence of blood group ABamong the study population indicates a higher percentage of protection against the Rh alloimmunization problem and low incidence of incompatibility and hemolytic disease of the newborn. The findings have clearly demonstrated the existence of genetic variability and polymorphism in regards to ABO and Rh blood groups among the population sampled.
Babies HIV seropositive status was not found to be associated with the babies' blood groups as was expected (Fisher's exact test =9.140, P=0.169). However, blood group AB + shows the highest rate of HIV-1 seropositivity (46.2%), followed by A + (23.9%). This is in contrast to the report by Abdulazeez et al, 11 in which they reported blood group AB to be with the highest rate of HIV-2 infection. Because the sample size is relatively small, more studies are needed with larger sample sizes to confirm these findings.
Conclusion
This study has revealed an association between abnormal hemoglobin SC and HIV-1 infection and not with ABO and Rh blood groups among HIV-exposed infants in North Western Nigeria. Further studies with larger sample sizes are recommended to confirm these findings.
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